Background: Suicide in young people is one of most common cause of death; and deliberate self-harm (DSH) is important indicator of suicide. It is currently unclear how old the rate begins to increase or when it reaches to the same level with adults. The purpose of this study was to find beginning age of DSH and compare their characteristics with adults. Methods: This study retrospectively reviewed 5 years of nationwide prospective registry named Emergency Department-based Injury In-depth Surveillance (EDIIS) registry composed of all injured patients who were admitted to twenty tertiary university hospital emergency departments. Injured patients aged 29 years or younger from January 1, 2011 to December 31, 2015 were included. Incidence rate of DSH in all age was described. Patients were stratified by age: early teenage (11-15 years), late teenage (16-19 years), and early adulthood (20-29 years). Data of early teenage group were compared to those of other groups for examining their characteristics. Results: Among 588,549 injury patients, 8,400 patients reported DSH. The rate began to rise at age 11 and reach at age 16 which was equivalent to that of age 20 to 29. Early teenage had significantly higher excess mortality ratio based injury severity score (EMR-ISS) and had almost same level without significant difference in operation incidence or mortality compared to late teenage and early adulthood. Conclusion: DSH rate began to rise at age 11, reaching adulthood level at age 16 in Korea.
INTRODUCTION
Suicide in young people is one of major public health issues. Suicide is the second most common cause of death in young people worldwide. 1 Adolescent suicide is also the most critical continuous health problem in Korea. Since 2001, suicide rate of Korea has not dropped under the secondary common cause of death among teenage adolescents with a rate of 7.2 person per 100,000 in 2014. 2, 3 It is well established that rates of suicide and suicide-related behaviors are generally increased with age in adolescents. [16] [17] [18] However, there are few studies about DSH in early teenage (ET) under age 12 due to limited sample size or difficulty in estimating this age group. 1, 19 It is important to know the incidence and characteristics of DSH at all ages of young people because timely interventions can give us a chance to prevent its advancing to suicide. 20 It could also help policy makers to provide appropriate prevention plan.
Therefore, the objective of this study was to identify self-harm incidence in ET under age 12 by reviewing a registry based on national surveillance database which included injury patients presented to emergency department (ED) during 5 years. Trends of prehospital characteristics and clinical information among different age groups were also examined and compared to those in adults to provide valuable clue to clinicians working on young people's mental health.
METHODS

National registry
Data from Emergency Department-based Injury In-depth Surveillance (EDIIS) database of Korea were retrospectively reviewed. EDIIS developed and operated by Korea Centers for Disease Control and Prevention (KCDC) is a nationwide injury database that includes all injured patients admitted to EDs across Korea. EDIIS database is a registry of all injured patients admitted to twenty university hospital EDs. This database has about 246 variables, including basic demographics, injury epidemiologic information, prehospital injury characteristics, initially assessed clinical findings at ED, diagnosis (coded by International Classification of Disease, Tenth Revision [ICD-10]), treatment in EDs, ED disposition, and patient outcome after admission. Primary information was acquired by physicians of each institution during their clinical practice and trained coordinators of EDIIS project who were assigned to each hospital. Physicians in ED get history from patients or caretaker and check the box of each variables in standardized injury registry. Coordinators collected data from the registry. Data from each ED were entered into a web-based database of KCDC. Quality improvement was conducted regularly by educating physician who works in ED for monthly rotation and getting feedback from KCDC to coordinators.
Selection of participants
Previous studies have examined age-related suicide and self-harm by dividing age according to their study objectives. 16,21, 22 Suicide report published by World Health Organization has grouped 15-29 years as "young adult." 23 Therefore, injured patients aged 29 years or younger among all cases registered in the EDIIS database from January 1, 2011 to December 31, 2015 were included in this study. Patients who were injured by assault or by unknown intention were excluded from this study. Those who had missing data for in-depth study variables were also excluded. Teenage adolescents were further divided into two groups stratified by age: 1) ET, 11 to 15 years; and 2) late teenage (LT), 16 to 19 years. Those who aged 20 to 29 were assigned into the group of early adulthood (EA).
Exposure
This study focused on cases of self-harm or suicide in young people. The variable "Intention of injury" in EDIIS registry was checked for all patients. DSH was defined as any non-fatal injury or poisoning reported by the patient or judged by a clinician to be self-inflicted, irrespective of whether there was an intention to die. 12 According to the definition of self-harm, intention of injury in EDIIS registry was determined by ED physician who primarily took patient history.
Measurements and outcome
Self-harm incidence rate and 95% confidential interval (CI) were calculated for each age (0-29 years). Cut-off values where the rate of self-harm began to increase and reach the level of adults were determined. Primary outcome was self-harm rate according to age. Secondary outcome was comparison of characteristics of self-harm injury among age groups based on ET group, including demographic characteristics, prehospital information (such as ED visit date, ED visit time, ED visit method, injury place, and injury mechanism), and clinical information (such as patient risk factor for suicide, suicide history, mental status at the time of ED presentation, excess mortality ratio based injury severity score (EMR-ISS), ED disposition, mortality, and result after admission). Injury severity is measured by EMR-ISS from diagnosis; and mortality is calculated by combination of ED death and death after admission.
Statistical analysis
Continuous variables are expressed in average and standard deviation with 95% CIs while categorical variables are expressed in frequency and percentage. Frequency difference between two groups was examined using Pearson's χ 2 analysis and Fisher's exact test. Average difference was examined using Student's t-test. P < 0.05 was considered statistically significant. Sensitivity analysis by even age division for three groups has done and appended for table (Appendixes 1-3) . R version 3.4.0 (2017-04-21; R Foundation, Vienna, Austria) was used for all statistical analyses.
Ethics statement
This study was reviewed and approved by Institutional Review Board (IRB) of Samsung Medical Center (IRB No. SMC 2017-07-076). It satisfied requirements specified under the Ministerial Decree of Health and Welfare passed by the National Bioethics Committee. Informed consent was waived by IRB due to its retrospective nature.
RESULTS
Study population
During the 5-year study period, a total of 614,987 patients under 30 years old with trauma cases were registered in the EDIIS database. The process to select our study subjected is shown in Fig. 1 . Based on the inclusion and exclusion criteria of this study, a total of 588,549 patients were enrolled for final analysis. There were 8,400 total self-harm patients during the study period in age 0-29. The overall self-harm rate was 1.43%. reaching 3.89% (95% CI, 3.86%-3.92%) at age 16, which was equivalent to that at age 20 to 29 (3.91%; 95% CI, 3.48%-3.62%; P = 0.874) (Fig. 2) .
Injury characteristics
DSH patients were divided into three groups. Demographics and prehospital information of three groups are summarized in Table 1 . There were 8,378 self-harm patients in three groups. Comparison was performed based on ET group (Table 2) . There was no significant difference 4/12 https://jkms.org https://doi.org/10.3346/jkms.2018.33.e191
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In-depth information and clinical outcome
Results of comparison of in-depth information and clinical outcome based on ET group are summarized in Table 3 . Conflict with family or friends was the leading cause of DSH in all groups. Injury severity (17.17 ± 12.75) measured by EMR-ISS was significantly higher in the ET group compared to that in the other two groups. Mortality of the ET group was not significant different from that of LT or EA group (ET, 2.40%; LT, 2.75%; EA, 3.91%; ET vs. LT, P = 0.05 and ET vs. EA, P = 0.70, respectively). Substances used by self-poisoning patients are shown in Table 4 . Almost half (43.75%) patients in the ET group used acetaminophen, which was significantly more than those in the other two groups.
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Self-harm at the Very Early Age (%) . ET = early teenage, LT = late teenage, EA = early adulthood, EMR-ISS = excess mortality ratio based injury severity score, SD = standard deviation, ED = emergency department. 
DISCUSSION
Most previous studies on self-harm have used samples presenting to general hospitals 9,12,24,25 or surveys usually from school-based community. 26-29 Because only about one in eight adolescents would present to hospital after self-harm, 27 there were some variations in results about characteristics of adolescent self-harm according to study design. In addition, few studies have studied subjects under age 12 years due to small sample size and difficulty in estimation. For these reasons, self-harm is known to be uncommon in young people under 12 years old. 1, 24 This study used large size samples from ED based injury registry and found that DSH rate began to elevate at age 11. The rate increased onward, reaching plateau (level of EA) at age 16. Age 11 found in this study was earlier than those reported in previous studies. 1,30 Several reasons might account for this result in social context. First, bullying in elementary school is a common recent social problem in Korea. 31 Our study showed that relation problem and school problem were more significant and common risk factors of DSH in ET with to other age groups. This may have resulted in more DSH at earlier age. Second, relationship between academic stress and suicide might be another reason. 32 Intensive private education in Korea usually starts at low grade of elementary school. This might have caused high pressure to have academic achievement, thus affecting ET.
Another interesting finding of this study was that the female to male ratio was not significantly different among groups (ET, LT, and EA). This is incompatible with results from previous studies in western countries showing that female to male ratio tends to be high in ET group. It is then decreased with increasing age. 24,33 Such difference may be due to cultural difference. This might also be due to methodological difference since this study was based on injury surveillance system rather than a survey.
The most frequent method of DSH in ET was self-poisoning or overdose. This is consistent with results of previous studies showing that ET have higher rates of self-poisoning than adolescents taken as a whole. 12, 22 The most common substance used in self-poisoning in ET was acetaminophen. In the late 1990s, self-poisoning by using acetaminophen brought out legislation to limit the number of analgesic tablets per pack sold over the counter. 34 The regulation has been successful in reducing fatal liver failure after self-poisoning. 35 Results 7/12 https://jkms.org https://doi.org/10.3346/jkms.2018.33.e191
Self-harm at the Very Early Age of our study revealed that acetaminophen and analgesics were still frequent substances used for self-poisoning. Additional step should be considered to regulate their accessibility to acetaminophen and analgesics.
Clinical outcome related in-depth variables such as operation incidence and mortality rate in ET were not significantly different from those in LT or EA. EMR-ISS in ET was found to be significantly higher than that in the other two groups. This result may be due to impulsive response which plays a critical role in suicide of younger population. 36 Considering the continuity of self-harm and suicide, recognizing risk group early with close observation after ED presentation is important to prevent tragedy in this age group.
Repetition of DSH is also frequent in adolescents. 37 Even though suicidal history is uncommon in ET, the risk of suicide after self-harm is approximately 10 times more frequent than expected. 38 Multidisciplinary treatment is important for ET in ED. After discharge, close follow up is needed to prevent sequential suicidal attempt. Upstream suicide prevention prior to the onset of suicidal behavior has been proven to have strong potential to reduce youth suicide rates. 36
Strengths of our study is that this is a large ED-based nationwide study on DSH with few missing data. To the best of our knowledge, this study has the largest sample size in Asia. Our results gave us some clues on proper intervention timing for young people suicide. Moreover, our results on suicide rates in Korea might provide powerful information for other countries where it is difficult to gather large samples of self-harm patient due to low incidence.
This study also has some limitations. First, because data used for this study were surveillance data of patients from participating hospitals, there might be sampling bias. However, participating hospitals located in 13 of 17 provinces in Korea. Therefore, sampling bias was minimized. Still, these university hospitals locate in urban area than in rural, there might be possibility of selection bias. Second, the registry included only patients who visited ED. Cases of successfully completed suicide or non-emergent injuries caused by self-harm might have been missed out, causing selection bias. This short-coming made it difficult to compare results of this study with death causes of national statistics directly. 3 Third, the registry did not include follow up results of injured patients after being discharged from the hospital. Further study is needed to evaluate the long-term outcome such as 1-year survival or re-attempt of DSH. 39 Fourth, there are significant amounts of unknown data. Although the sample size was large enough to produce statistically significant results, unknown data might have influenced the outcome in various ways. However, other studies on DSH have faced similar limitations due to the nature of DSH patients. 27
In conclusion, DSH in adolescent began to increase at age 11, reaching adulthood level at age 16. The mortality of DSH in ET group was as high as that in older groups. The severity of selfharm was the highest in ET. Therefore, early education before elevation of self-harm at age 11 and timely intervention are needed to reduce the rapid increase of suicide in ET. 
